Early Bronze Age and early medieval inhumation graves in (central) Europe had often been re-opened a short time after burial and, in most cases, grave goods were removed. To improve the understanding of the archaeological evidence of these graves, one re-opened grave from a large early Bronze Age (Wieselburg/Gáta culture) cemetery in Weiden am See, eastern Austria, was excavated using a microstratigraphic protocol to maximize data collection for the reconstruction of the context formation process and, consequently, the interpretation of the re-opening process. In this article the results of the soil thin section analyses are presented and discussed.
Introduction
To improve our understanding of formation processes of reopened graves and to create a reference for future analyses, a reopened inhumation grave at the early Bronze Age cemetery of Weiden am See, eastern Austria, was excavated and examined using a microstratigraphic approach. A combination of methods was applied to maximize the range of data to use to reconstruct formation processes at excavation (single-finds recording, wet-sieving of sediments) and post-excavation (micromorphology, geochemical and mineralogical characterization of sediments, radiocarbon dating, 3D visualization of archaeological features and integration with results of post-excavation analysis). However, this paper will focus on the micromorphology results, as this analysis provides the crucial microstratigraphic framework for interpreting the depositional sequence and formation processes within the grave, and is the basis for which the results of other proxies can be integrated.
The Wieselburg/Gáta Culture is an early Bronze Age Culture (2000-1600 BCE, Bronze Age A2) located in eastern Austria and west Hungary, south of the Danube, as well as parts of south-western Slovakia (Hicke, 1987; Krenn-Leeb, 2011; Leeb, 1987) . Cemeteries contained up to a few hundred graves where the dead were typically buried in individual graves in coffins or stone settings, accompanied by jewelry (copper alloy jewelry and necklaces with amber beads, animal teeth) and copper alloy objects (e.g. daggers) and pottery. The bodies were oriented southwest-northeast (women on their right and men on their left sides) with their lower limbs in flexed or hyperflexed position. It was common that the graves were reopened and copper alloy objects were removed. The position of the finds and skeleton attest to reopening that usually took place not long after burial; there is evidence that bodies were not fully decomposed when this reopening occurred and hollow spaces permitted movement within the graves (Neugebauer, discussion on early medieval grave reopening has been lively and has resulted in differentiation of types of 'grave robbery' (Aspöck, 2011 (Aspöck, , 2015 Aspöck and Klevnäs, 2011; Aspöck et al., 2016; Klevnäs, 2007 Klevnäs, , 2013 Klevnäs, , 2015 van Haperen, 2010 van Haperen, , 2013 Zintl, 2012) .
However, analysis and interpretation of reopened graves often ends where the archaeological evidence is poorly understood. It is, for example, often difficult to distinguish between the results of natural processes of decomposition and of human intervention in a grave. Generally, decomposition processes play an important role in the interpretation of reopened graves because the state of the body and grave furniture upon reopening can potentially be inferred from the archaeological evidence, providing a timeframe for the reopening of the grave. Hence, understanding decomposition processes and, in a wider sense, the formation processes of the archaeological evidence of reopened inhumation graves is crucial for their interpretation. In a pilot study, one reopened grave in an Austrian Wieselburg Culture cemetery was excavated using a microstratigraphic method to maximize data for the reconstruction of specific, complex depositional and post-depositional processes within this grave (Table 1) .
Micromorphology is well established as a tool for interpreting archaeological site formation processes. The technique has been widely applied to understand and interpret the use of settlement space (e.g. Banerjea et al., 2015a; Matthews, 1995; Shahack-Gross et al., 2005; Shillito and Ryan, 2013) and the reworking of archaeological stratigraphy by post-depositional processes (e.g. Canti, 2003; Devos et al., 2009; French, 2003: 123, 156; Gé et al., 1993; Macphail, 1994; Macphail et al., 2003; Weiner, 2010) .
Micromorphological examination of graves is an understudied area of research (Kutterer et al., 2014a (Kutterer et al., , 2014b without the wealth of published comparative case studies or experimental material that is available for the study of the use of settlement space. This problem should be able to be addressed with the conclusion of the InterArChive project (Usai et al., 2014) , which will provide interpretative frameworks for more robust micromorphological examinations of grave taphonomy. Micromorphology provides significant potential for understanding the depositional formation processes and post-depositional alterations (Macphail et al., 2013) relating to burial taphonomy, particularly for disturbed graves (Huckleberry et al., 2003) and sedimentation rates within burials (Sandgathe et al., 2011) .
Within graves there can be considerable variation in chemistry and micromorphology on both intra-and inter-site level, linked to environmental contrasts and taphonomic variation. Post-burial changes are highly complex, and there can be evidence for mobilisation/depletion, transportation and re-deposition of soil/sediment displaying preferential spatial patterns in relation to the different parts of skeletons and graves (Usai et al., 2014) . In particular, the area below the cranium has been identified as an area for processes relating to calcite mobilisation and sedimentation (Kutterer et al., 2014a (Kutterer et al., , 2014b .
This paper aims to examine how micromorphology can contribute to reconstruct the formation process and to answer the following research questions that are typically asked for reopened graves with specific reference to key questions pertaining to the buried human remains (Table 1): 1. What was the original appearance of the grave before the reopening? 2. When and how did the reopening of the grave take place? 3. What kind of grave manipulations took place upon reopening? 4. When and how did the refilling of the grave take place? Was the grave refilled immediately -by human activity, or did it refill slowly and naturally, or were there more episodes of refilling? 5. How did natural formation processes affect the final archaeological evidence of the reopened grave?
2. Material and methods
Site and excavation
Weiden am See, Austria, is a multi-period site ( Fig. 1 ) located 1 km off the contemporary shores of Lake Neusiedl, a 35 km long and b2 m deep endorheic lake in the Austrian-Hungarian border lands (Hicke, 1987: 14) . Since 2012, rescue excavations have recovered over 200 early Bronze Age of the Wieselburg Culture graves, around half of them reopened (Fig. 2, Franz et al., 2014) .
In 2013 one grave (object 229, MNR 32026.13.03, Gst 1023/439-444) was excavated with close attention to the evidence for reopening (Video 1: excavation process). As part of the rescue excavations, about 1 m of topsoil had already been removed with a digger, and the outline of a large grave pit with set blocks of stone and some human bones (a humerus and a femur) were visible at the beginning of the excavation. The excavation identified stratigraphic units and, where relevant, additional surfaces within these units. The grave was half-sectioned after excavation of the top individual to determine the depth of the grave and to ascertain if there would be more individuals buried underneath. Documentation included drawing plans, three-dimensional singlefinds recording (all finds larger than 1 cm), and the documentation of all features (outlines, surfaces, boundaries) using a Leica Tachymeter TCR 407 controlled by a field computer (Dibble and McPherron, 1991; Händel, 2010) . The evidence was photographed from a ladder/elevated position so that the resulting photographs were as close as possible to directly overhead. These vertical images covered the complete feature. Additionally, many oblique shots were taken to capture details, which later allowed the use of the complete image collection in an imagebased modelling workflow (Video 1: excavation process). All excavated sediments were wet-sieved (sieve mesh size 2 mm), except for parts of SE3 (the original grave fill), which for time reasons was not sieved, but searched through twice by hand, when it became apparent that the grave was much deeper than anticipated. The excavation method was very time-consuming and excavation of the grave took over two months, with 2-3 people working at a time on the excavation and wet-sieving of the sediments.
Sampling strategy
Collection of soil micromorphology samples was guided by the above research questions for reopened graves (Table 1) . Samples were taken from the different types of fills and at important locations and interfaces (Fig. 3 , Video 1 and Supplement 1), such as the disturbed area of the coffin at the bottom of the grave. The sampling of the undisturbed upper inhumation was influenced by a strategy developed as part of the InterArChive project (Usai et al., 2014 ) and samples from above, below, and at the sides of the skeleton were collected, as well as geological reference samples from a profile further away from the skeleton (Fig. 4) . As part of this project only some samples for comparison of the two buried individuals were selected for analysis. Kubiena tins in three different sizes were used to collect the samples and very small boxes proved useful in the area of comingled human remains to avoid damaging of bone. Except for the geology samples and three samples from the profile in the grave, the tins were pushed into the soil from above and then the soil around it removed. Before removal of the sample, the four top corners of the box were recorded with the tachymeter. Photos were taken before and after sampling and specific research questions for each of the samples were recorded. Loose soil samples were collected from the corresponding field units within the undisturbed micromorphology samples.
At excavation, 53 undisturbed micromorphology samples, including 7 reference samples of the six geological layers (Fig. 4) at the site were collected. 17 archaeological and 6 geological samples were selected for processing and analysis to answer research questions that could not be answered at excavation or that came up as part of the postexcavation process.
Laboratory methods: micromorphology
Micromorphology samples were prepared in the Microanalysis Unit, University of Reading. The procedure followed is the standard protocol for thin section preparation (Murphy, 1986) . Samples were ovendried at 40°C, and then impregnated with epoxy resin while under vacuum. Slides were prepared to the standard geological thickness of 30 μm.
Micromorphological investigation was carried out using a Leica DMLP polarising microscope at magnifications of × 40-× 400 under Plane Polarised Light (PPL), Crossed Polarised Light (XPL), and where appropriate Oblique Incident Light (OIL). Thin-section description was conducted using the identification and quantification criteria set out by Bullock et al. (1985) and Stoops (2003) , with reference to Courty et al. (1989) . Photomicrographs were taken using a Leica camera attached to the Leica DMLP microscope. The movie of the 3D model of the grave (Video 1) shows the excavation process and the position of the micromorphology samples in the grave. The stratigraphic sequence observed at excavation is linked to the micromorphology samples (Figs. 5 and 6, Table 2 ). The top layer of organic silty loam (SE1) contained a setting of large stone blocks surrounding a body (Individual 1), buried prone (i.e. face-down) with the lower limbs flexed and descending inferiorly (Fig. 3) . No surfaces/structures were visible to outline the space into which the body had been placed, other than the stones (66, 67, 68) and holes left from stones (5, 6) (removed by the excavator, on both sides of the body) surrounding the body, and stones (65, 246, 247) underneath the body. Samples were taken from underneath the body of individual 1 to see if a surface could be identified and to compare pedogenesis and chemical alterations with samples from underneath individual 2 inside the coffin: 189 (SE1 below a fragment of the mandible), 226 (SE1 below the tibiae and fibulae -analogue sample 642 below tibiae and fibulae of individual 2).
Results

Observations at excavation (
Underneath, the surface of SE2 formed an irregular pit and samples 250 and 251 were taken from the top surface of SE2 (Supplement 1) to establish if this was the surface of a pit that has been dug into the existing grave pit. SE2 was a heterogeneous and, in parts, a very organic fill, particularly in the western half of the grave pit, where it narrowed down into a funnel-like structure, remnants of the reopening pit (Supplement 1). The 'funnel-like' structure identified at excavation was too small to represent the reopening pit and until the level of the coffin was reached, it remained uncertain whether this grave had actually been reopened.
Hence, five samples have been analyzed post-excavation to, among other things, define the boundaries of the reopening pit (SE2/SE3 interface) and the area of undisturbed grave fill SE3, a heterogeneous fill Grave fill, apparently material from different heaps of sediments was alternatingly deposited in the grave.
SE5 450
On top of the coffin sandy and loamy yellowish sediments, with a patch of darker sediment next to the stone.
Grave fill above the coffin.
SE15 454
Around the coffin, two types of yellowish sediments, no dark patches visible.
Grave fill around the coffin.
Coffin with individual 2 SE6 450 Very dark, about 1 cm thick layer, consistence soft (dry). The top was partly covered by a white/white-lilac substance (Munsell® color, 2000 2.5Y 7/1).
Very dark organic layer that covered most of the eastern half of the inner coffin area.
This may be the organic remains of a wooden board that covered the coffin. SE8 591 Sediment inside pot 638 and 637
Very sandy layer with a homogeneous brownish color.
Very distinct layer, the top layer of a heap of sandy material in the coffin area between the femora and trunk area.
Sediment that accumulated inside the coffin after burial when wood decayed through soil pressure or changing water levels. Geology below the grave.
consisting of yellowish light and dark organic sediments. This includes: sample 364 from the upper level of the dark fill inside the funnel (SE3A) to compare with a sample of sediment from outside the funnel (366) at the same level (Supplement 1); samples 310 and 311 from 10 to 30 cm above the coffin (from section 1, Supplement 1); and at the level of the coffin of the lower grave, samples 454 contained fill from outside the coffin and 450 from the top of the coffin (Fig. 3) . At the bottom of the grave (section 2), a grey-lilac substance (Musell® color, 2000 2.5Y 7/1) outlined the shape of a coffin with 'handles' (Fig. 3) -something typical for the Wieselburg Culture (Krenn- Leeb, 2011) . Just above and inside the coffin, the boundaries of the dark layer of refill of the reopening pit became very clear (SE7). Samples 454 and 450 (Fig. 3 , Supplement 1) were taken to be able to characterise the refilling process (e.g. slow/natural or quick refill, and the number of refilling episodes). In this area of disturbance, the upper part of the body (individual 2) was disturbed, while outside this area, the lower limbs were undisturbed, showing that the individual had been placed with the lower limbs flexed on the left side. In the undisturbed area, a layer of very dark thin organic material covered the interior of the coffin (SE6) with again some greyish-white material on the top, like the outline of the coffin). Below SE6, a deposit of very sandy sediment (SE08) was found in the area between the femora and torso, with a more organic sandy layer underneath (SE09; samples 591, 450; samples 470, 592, Figs. 3 and 6, Supplement 1). Samples of the sandy layer were taken to investigate the nature and formation processes of these layers in this particular area of the coffin.
Thirty-three archaeological microstratigraphic units were identified using soil micromorphology and classified into eight categories of deposit, DT1-8 (Table 3 , Supplement 2). The classification of microstratigraphic units provides a clear understanding of depositional and post-depositional processes as a result of both disturbance as a result of the intervention, and chemical weathering induced by the decay of the body. The micromorphology results have fed into the construction of the matrix to refine the stratigraphic sequence and formation processes within the grave (Fig. 5) . Twelve geological microstratigraphic units were identified and have been classified according to depositional processes that relate to the variable size and hydrology of Lake Neusiedl (Table 4) , the extent of which reached Weiden during the Holocene (Hicke, 1987: 14) .
Deposit type classifications of microstratigraphic units
Deposit type 1 (DT1) classifies ambiguously units 250/4, 454/11, and 592/17 as re-deposited substrate sediment, as they slightly differ from the other grave fills (DT2, DT3a, and DT6) by their absence collapsed vughs, and dusty impure clay coatings (Table 3) . DT2 categorises grave fill (250/3; 251/28), at the surface that shows increasing pedogenesis towards the surface of the unit below a stone associated with the pit for the upper individual.
DT3a classifies sediment that has been used as fills (250/2) the intervention pit (470/2; 366/6; 454/12; 451/14; 364/25; and 471/26). The fill units are dark brown (PPL)/dark orange/red brown (XPL) in color, which is a lighter mid-brown (PPL) in the lower unit towards the base (642/20). The color is most probably due to iron, organic staining, and organic inclusions as indicated by the presence of inclusions such as charred wood (470/2), and ferruginous organic tissue, occurring in all fills. Several units contain a potential 'protein' substance (that may be chitin or keratin) or coprolite fragments (Shillito et al., 2011) (250/2; 451/14), and 364/25 contains fragments of decayed bone (Fig. 8) . All fill units contain vughs or collapsed vughs, which can be indicative of trapped air and moisture in mass movements of sediment (Fedoroff et al., 2010: 641-642) , which could include dumping processes; vughs are irregularly-shaped voids (or pore spaces) in the microstructure of a sedimentary unit, which break-up the continuity of fine material (Bullock et al., 1985: 43, 46; Stoops, 2003: 65) . This sediment shares similar sediment properties and inclusions with the topsoil reference sample, 556/G12 (Table 4 ) and could represent the early Bronze Age topsoil being used during backfilling.
DT3b classifies 189/29 and 226/30, which are fills from the upper individual and located beneath the body. These microstratigraphic units are distinctive from the other grave fills, DT3a, as they contain sediment attributes that could be specifically attributed to their close proximity of the upper individual (Lang, 2014) , such as abundant iron nodules, 20%, the greatest abundance of bone fragments, 10% (Fig. 7) , needle-like calcitic infillings (Durand et al., 2010: 160) , where interestingly the area below the cranium has been identified as an area for processes relating to calcite mobilisation and sedimentation (Kutterer et al., 2014a (Kutterer et al., , 2014b , and mesofaunal activity, which has created fine crumb peds (Table 3) .
The dispersal of clays and silts is most prolific in the fill deposits, DT3a, and in those deposits that are associated with the disturbance to the underlying substrate, DT4, SE106 (Tables 3 and 4) . Translocation of clay and silty clay particles is influenced by factors related to water flow, chemical conditions and energy and gravity. Movement can occur under any kind of climate, although temperate environments provide the best evidence (Courty et al., 1989) . The formation of dusty impure clay coatings can be evidence of dumping under wet conditions due to turbulent hydraulic conditions and the rotational movement of sediment, often associated with the disturbance caused by trampling (Courty et al., 1989; Shillito and Ryan, 2013) . Chemical alterations and changes in the redox conditions (Brammer, 1971; French, 2003) associated with organic decay (Banerjea et al., 2015b) can lead to the dispersal of silt and clay particles and can be highly localised.
DT4 classifies units of the underlying substrate (470/1, 592/18, 592/ 19, 642/22, 471/27, and 699/33, Fig. 7 ) with sediment attributes and mineral inclusions that are comparable with the geology horizon SE106, which includes microstratigraphic units G9, G10, and G11 (Table 4) . The sand components are cemented, evident by an embedded and linked and coated related distribution, within the calcareous fine material. The linked and coated related distribution shows that the fine calcareous material has dispersed to form bridges between the sand components. These units may have formerly been a series of 'pendant' formations (Durand et al., 2010: 154-157) , which have now been disturbed by root activity. The genesis of pendant formation is accompanied by changes in the chemical composition, particularly with magnesium rates. In temperate regions, pendant formation seems to be controlled by the progression of weathering during which the carbonates are destabilised and not associated with a simple continuous carbonate accretion (Durand et al., 2010: 156) ; calcite hypo-coatings (Durand et al., 2010: 158-159 ) also occur. The carbonates may have also been destabilised due to the decay of a body part/tissue or other organic remains in this area (Kutterer et al., 2014a (Kutterer et al., , 2014b , as these carbonate pedofeatures are more prolific (10-N 25%) beneath the grave than in the adjacent geological profile (10%). These units (DT4) do not contain any bone fragments or other anthropogenic inclusions, although there are inclusions of the ferruginous organic tissue, which may have been reworked into these units from the fills. DT5 classifies deposits of water/wind laid sedimentation (591/15, 591/16, 642/20, 642/21,450/24, 669/31, and 669/32 Fig. 7) . 591/15 is moderately sorted sand, and 591/16 has a moderately sorted silt component. Sediments that have a better degree of sorting tend to be a result of processes such as wind or water deposition, rather than mass movements of sediment such as colluvium, which tends to be more poorly sorted (Goldberg and Macphail, 2006) . Vughs within 591/16, 669/31, and 669/32 indicate the presence of moisture, and suggests that this sediment may have been deposited under wet conditions. 642/21, 669/31, and 669/32 have a stippled speckled, and striated bfabric from clay depositions, and there are microlaminations of silt loam/silty clay loam sediment (Fig. 7) , which are indicative of low energy sedimentation processes over time (Goldberg and Macphail, 2006) . The microlaminations have been reworked by bioturbation, particularly in 642/20, 642/21, and 669/31, although the microlaminations are still visible despite this (Fig. 7) . Fragments of ferruginous organic tissue, 5%, occur in all these units.
DT6 classifies sediment of the original grave fill that has been redeposited (310/5, 366/7, 311/8, 311/10, and 451/13). 310/5 and 366/7 are similar in color to those in DT1 and DT8, but 310/5 in particular has a coarse particle size and is unsorted in comparison with the original grave fill, DT8. The occurrence of collapsed vughs, as also observed in the fills, DT3, can be indicative of trapped air and moisture in mass movements of sediment (Fedoroff et al., 2010: 641-642) , which could include dumping processes. Unlike the geological marl sediments, the fills within the grave do not contain vesicles (Tables 3 and 4) , which suggests that these have been collapsed or destroyed by the redeposition of this sediment. Vesicles are smooth-walled, simplecurved voids attributed to the incorporation of air bubbles in nearsurface horizons, and have also been observed in the puddled layer of paddy soils (Stoops, 2003: 64-65) .
All units, with the exception of 311/8, contain fragments of ferruginous organic (plant) tissue, although there are fewer than other deposit type categories, b5%. 310/5, 366/7 and 311/10 contain sediment aggregates, 20%, of brown organic, 'fill-like' fabric, which are similar to the present day topsoil (Table 4 ; Fig. 4) , and could represent aggregates of the early Bronze Age topsoil that have been incorporated during backfilling, as suggested for DT3a. 311/9 has been assigned a separate deposit type, DT7, due to the severe re-working of what appears to have been three individual units. There are sub-rounded aggregates of both organic 'fill-like' sediment and sediment similar to DT4, the calcareous sedimentation, 0.5 mm-0.7 cm. It seems that an organic lens had previously formed between two sand lenses into which calcareous fine material precipitated, in a similar way to DT4. This unit contains a potential 'protein' substance (that may be chitin or keratin) or coprolite fragments (Shillito et al., 2011) (Table 3) .
DT8 categorises a single deposition of original grave fill, 450/23. This unit is similar in particle size, sorting, and color to those in the redeposited substrate, DT1. The occurrence of vughs, as also observed in the fills, DT3, could indicate dumping processes. There are no aggregates of different sediment, bone, 'protein' substances/coprolite fragments, or organic remains within this unit, and it shares comparable sediment attributes with the marl sediment, particularly microstratigraphic unit G2 within the adjacent geological profile (Table 4 ; Fig. 4 ).
Interpretation of results: formation processes Weiden am See 2013/object 229
The formation of the archaeological evidence of Weiden am See Object 229 includes short and long-term processes (Fig. 9) . After the deposition of the coffin (SE11-14, SE16) that contained the body of individual 1 (male, 25-35 years; group 4) the pit was filled, represented in 450/23 (SE3, SE5, SE15). The decay of the body of individual 2 and also of the coffin started. Grave fill above the coffin (SE3, SE5, SE15) was compacted due to natural processes (gravity, weather) and clay soil particles were washed towards the bottom of the grave, with some particles entering the coffin through its top (SE6) -which was unlikely to have been absolutely tight. Soil particles may also have got into the coffin during the funeral (wind-blown). Inside the coffin, these soil particles and water perhaps mixed with ground water and liquids from decay of the body during putrefaction (Pinheiro, 2006) , leading to the formation of predominately silt loam lenses; these are moderately sorted, or have a bimodal sorting with moderately to well sorted silt, and unsorted sand (SE9) at the bottom of the coffin and a more sandy layer, 591/15 (SE8) on top of it. These silt and fine sand deposits accumulated forming a series of lenses, which have been categorized as DT5 (Fig. 642 & 669 DT5 Fig. 7) , in the area between the femora and trunk, possibly because a separate space was created within the coffin due to the presence of the body and possibly due to irregularities in the base of the coffin.
When the grave was reopened, a pit was dug in the west end of the grave and the coffin was broken into. Both the cranium and mandible as well as skeletal parts from the right side of the trunk and upper limbs had been moved and were no longer in anatomical connection upon discovery. It can be seen that parts of the body were still articulated at that time, e.g. the left scapula and humerus, while other parts had disarticulated already (e.g. upper vertebrae, the mandibula and cranium). There was hardly any bone damage (breakage) indicating that the hollow space of the coffin was still intact at that stage. The reopening pit was immediately refilled (SE7), represented by units that are classified in DT1, DT3a, and DT6, forming a heap in the hollow space inside the coffin. Material may have been dug out during the intervention, piled up on the side and then put back in as backfill during the refilling of the intervention pit. However, parts of the original grave fill (SE3) slumped towards the reopening pit, represented by units that are classified in DT3a, DT6, and DT7 (Table 3) , and less than half of the grave was filled with the original grave fill (Fig. 6) . Also the refill of the reopening pit would have been compacted due to natural processes such as under the weight of the sediment. It appears that after an initial quick refill of the bottom of the reopening pit the top of the reopening pit may not have been refilled immediately. There is an accumulation of pottery and daub on the bottom of SE2 in the area surrounding the 'funnel' of SE3A. At a later stage, a pit was dug into the top of the grave, which was left exposed for some time (a season or so), as indicated by units classified as DT2. Large stone blocks were set into the pit and partly covered with dirt, which formed an uneven surface on which the body of individual 1 (probably male, adult) was placed on the left side with the lower limbs flexed. There is no evidence for any coffin or other structure surrounding the body, but there was some hollow space for the body to move from its original position to a prone (facedown) one during decay.
Radiocarbon measurements of the skeletal remains of individual 1 and 2 suggest a timeframe of 10-40 years for the duration of the formation of the archaeological evidence. Two batches of samples (individual 1: right and left femora, individual 2: part of the mandible, left femur) were measured which produced basically identical results (Fig. 10) . Calibration of C14 measurements shows 95% probability of 1970-1850 BCE calendar years for individual 2 and 1780-1660 BCE for individual 1 (Reimer et al., 2013) . This would suggest that a time period of 150 to 250 years passed between the deposition of individual 2 at the bottom of the grave and the burying of upper individual 1. However, the mathematics of calibration and the normalization process have been shown to have flaws, which are particularly relevant for case studies with relatively small sample sizes (Weninger et al., 2015) .
Comparing the paired C14-ages of individual 1 and 2 with the relevant INTCAL13 raw data sets shows that there is another solution where the two individuals were buried only 10-40 years (min/max) apart in time (Fig. 10) . The existence of this solution only becomes apparent when the calibration is performed by visual means, based on the relevant INTCAL13 raw data sets. We expect that it has been this shorter time interval and the shifting of left lower limb of individual 1 downwards may have been caused by the collapse of the coffin and consequent subsiding of sediment underneath individual 1.
Discussion
Micromorphological analysis of undisturbed sediment samples from Weiden am See object 229 answered a series of key research questions relating to deposit characterization and formation processes associated with the construction of and intervention in the grave, and the timescales of these events (see Sections 4.1-4.4), in order to understand fully the taphonomy of this reopened grave. This microstratigraphic analysis also resulted in important additional findings relating to the depositional conditions, effects on and movement of sediment as a result of the decay of the body, and the identification of new microstratigraphic units not previously observed during excavation (Sections 4.5-4.7).
Disturbed and undisturbed areas distinguished
At excavation, it was not possible to identify the extent of the intervention pit. Categorizing microstratigraphic units as either 'fill' or 'redeposited fill' showed that the disturbed area in the grave pit was much larger than the 'funnel' seen at excavation (Fig. 6 ) because of slumping processes after the reopening. Only one unit (450/23) was classified as grave fill (Table 3) , and this distinction was in some cases not as clear. The resulting model is that after the reopening, parts of the original grave fill were slumping into the reopening pit (310/5, 311/8,7) and the original extent of the reopening pit was not preserved in the archaeological record.
Stratigraphic units distinguished and characterized
Micromorphological analysis was instrumental in characterizing and categorizing fills within this grave and their depositional processes. More specifically, it has identified the sediment attributes of fills inside and outside of the coffin area, distinguished the original grave fill from that sediment, which had been used to backfill the intervention pit, and identified differences between the fills surrounding the upper individual, the intervention pit, and in the coffin. In particular, micromorphology identified the aqueous depositional pathways of sediment within the lower burial (DT5; SE9), at the base of the coffin that may, in part, relate to the decay of the body.
The identification of microscopic inclusions, which were not identified during excavation, within microstratigraphic units enabled them to be quantified and examined within their depositional context. For example, fragments of decayed bone occur most abundantly (10%) within units directly beneath the body of individual 1 (189/89, 226/30), specifically the humerus and tibia (Fig. 8) , and charred wood, which, as examination of the geological profile has shown (Table 4) , may have been reworked throughout the profile by mesofauna, or transported by water as a result of Holocene expansion of the lake (Hicke, 1987) . A 'protein' substance (that may be chitin or keratin) or coprolite fragments (Shillito et al., 2011) (Fig. 8 ) has been identified in many units from the base of the coffin, which may result from the decay of the human body individual 2 (Fig. 9) , and is a strand of further analysis. 
Examine stratigraphic interfaces
The refilled material of a reopened grave can be very heterogeneous and the result of different episodes. At excavation it can be difficult to distinguish between boundaries between different types of fills that were part of one refill event and surfaces that were the result of human intervention (pit cut). Sample 250/3 from the surface of SE2 (which is the bottom of the pit into which individual 1 was buried)
shows evidence for exposure: the upper 1.2 cm of the unit had been reworked more and show evidence of surface weathering, although it is difficult to state the timescale or duration of this phenomenon.
Timescales of sediment deposition
At the very bottom of the grave, where the coffin had been broken through, there was no evidence of slow sedimentation after the reopening, but evidence of various episodes of dumping of sediments (samples 592/17) and 470/2 and 454/12). Unit 17 is a lump of substrate material that entered the coffin at/or after the reopening. Inside the coffin, two layers were found of moderately sorted sand formed by slow aqueous sedimentation (591/15, 16; 642/20; 642/21; 450/24; 669/31, 32, Fig. 7 ) related to groundwater and liquids in the coffin (see above).
Post-depositional changes of sediments
Wind/water-laid sediment (DT5) formed by fine particles that had originally entered the coffin through coffin boards, or may have been blown into the coffin if left open for some time, were mobilized with finer clay sediment, possibly as a result of fluids from the decay of the body (Pinheiro, 2006) . This material accumulated at the base of the coffin where it also entered the pots (559, 638, 637) ( Table 3 ). The Lake Neusiedl area is a particularly windy area (presently used for windsurfing); the local excavation team observed that a substantial layer of fine, wind-blown sand can accumulate inside a grave within a day.
Micromorphological analysis has identified areas within the grave that show evidence for greater bioturbation, such as at the base of the coffin, particularly in 669/31 where mesofauna have reworked organic fragments and substrate from unit 33 (SE106) into their burrows, and in areas of the upper individual, specifically within samples directly under the body (189/29; 226/30) in the form of iron nodules, needlelike calcite infillings of voids, and fine crumb microstructure from mesofaunal activity, and prolific pedogenesis at the surface of the pit for the deposition of individual 1250/3; 251/28.
Conditions of the depositional environment
Vughs and collapsed vughs, and dusty impure clay coatings in fills and re-deposited fills (Table 3) can be interpreted as evidence of dumping under wet conditions, particularly in the refill of the reopening pit (SE2, 3A, 7 slides 366/6364, 454/12, 470/2), and the former, particularly collapsed vughs (DT2, DT3a, DT6) evidence of mass movement of wet sediment, i.e. the use of sediment as grave fill (and inside the coffin, with the sandy wind/water-laid layers, represented by layers 451/14).
Refine stratigraphy -identification of key micro-stratigraphic units
Microstratigraphic analysis identified and characterized the formation processes of microstratigraphic units classified as DT5, wind and water-laid sediment, by the identification of several aqueous depositions of microlaminations. These processes had not been identified during excavation, but microstratigraphic analysis has enabled the formation of SE9 to be interpreted.
Conclusions
Soil micromorphology has been demonstrated to be instrumental in interpreting the complex taphonomy of this reopened grave, and has an important role to play in future research in this area to add to the growing body of micromorphological research on graves (Kutterer et al., 2014a (Kutterer et al., , 2014b Lang, 2014; Usai et al., 2014; Macphail et al., 2013; Sandgathe et al., 2011; Huckleberry et al., 2003) . Most importantly, it provides information about areas in the grave which had been disturbed or remained undisturbed and about the refilling of the grave (slow, quick). Post-depositional transformation processes (e.g. effects of decay of the body on formation of sediments) can be identified and observations at excavation can be investigated further. In general, a more precise stratigraphy and a highly detailed sequence of the formation process can be gained (e.g. after the reopening, the refilling of the grave took place under wet conditions, the surface of SE2 was exposed for some time).
In this pilot study the potential of soil micromorphology to address questions of reopened graves has been explored under special, experimental circumstances with special funds reserved for analysis of many samples. While such a time-and cost-intensive approach will not be possible for most projects, we argue that, generally, with a clear research question in mind soil micromorphology can be a great tool for the analysis of archaeological mortuary evidence, particularly to examine questions relating to the deposition of sediments during burial, the decay of the body, and later disturbance of the grave. Micromorphology may also be applied during the excavation process to answer very specific questions about the formation of single deposits, which makes sampling and analysis more time-and cost-effective. For example, in this research, although 53 archaeological micromorphology samples were collected, 17 were prepared and analyzed to answer key questions concerning formation processes when they arose).
In any case, for successful application of micromorphological studies, a close collaboration of archaeologist and micromorphologist is crucial. This ideally would start with a micromorphologist being involved in the planning of the excavation and sampling strategy and them being present at excavation, as taking samples already requires some background knowledge and experience of selecting a sample location and sample collection.
Finally, we want to emphasize the importance of the detailed recording of the samples to clearly link them to the stratigraphic sequence and to also know their precise location within a stratigraphic context, e.g. their relationship to the body and other features which may have decayed. Strategic spatial and stratigraphic sampling of every unit, for example around the body, inside and outside the coffin, and of the grave fill is necessary to fully understand complex formation processes of mortuary deposits. Additionally, the examination of the geological profile is crucial for understanding the origin and transformation of sediments within the grave.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.jasrep.2016.07.003.
